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OLIGONUCLEOTIDE SYNTHESIS USING IONIC LIQUIDS

AS SOLUBLE SUPPORTS

Robert A. Donga, Matthew Hassler, Tak-Hang Chan, and Masad J. Damha �

Department of Chemistry, McGill University, Montreal, Canada

� The continuing evolution of the methodology for the solution-phase synthesis of oligonucleotides
using soluble ionic tags as handles for easy purification is described. This methodology may provide
a more cost efficient route for the large scale synthesis of oligonucleotides.

Keywords Oligonucleotides; soluble ionic tags

INTRODUCTION

In recent years oligonucleotides have seen widespread use in the devel-
opment of therapeutics and diagnostic applications, including chip-based
DNA microarrays,[1,2] though the number of approved therapeutics thus far
has been small. Traditional solid-phase approaches to synthesis have been
sufficient to supply need up until now. While the use of solid supports have
been successful for these smaller scale applications,[3] they have all the prob-
lems generally associated with heterogeneous reaction conditions. In addi-
tion, the supports and the excess amidite reagents (see Figure 1)[4] can con-
stitute up to 60% of the total materials cost, making this type of synthesis
very expensive. With a greater number of potential oligonucleotide based
drugs reaching late phase clinical trials, development of a more cost effi-
cient method is becoming highly desirable.

The use of a fluorous phase technique for organic synthesis has been ad-
vocated in recent years[5−9] and has been demonstrated for small molecules
and some biopolymers but the technique could be limited for large scale
applications by the expense of perfluoroalkane solvents, the need for
specialized fluorinated reagents, and the energy cost associated with the
temperature switch.
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FIGURE 1 Proportion of cost by component (2000).

Soluble polymer supports have been explored as a possible improve-
ment to solid-phase techniques since soluble-supported syntheses retain
many of the advantages of conventional solution-phase chemistry, while still
permitting facile purification of the product. Thus Bonara et al.[10] have
shown that soluble polyethylene glycol (PEG) may be used successfully in
the synthesis of oligonucleotides. Some limitations of using soluble polymer
supports include a low capacity of loading, limited solubility during the syn-
thesis of longer sequences, and often low aqueous solubility[11,12] as well
as, in the case of oligonucleotide synthesis, an energy intensive cooling re-
quired for purification.

Recently, there has been considerable interest in the use of ionic liq-
uids as “green” alternatives to more traditional reaction media. We have
previously demonstrated[13] that an ionic liquid supported synthesis (ILSS)
technique can be successfully applied to oligonucleotide synthesis using an
imidazolium-based tetrafluoroborate ionic tag, using simple precipitation
and phase separation methods without the need for chromatography to ob-
tain reasonably high product purity at each step. Herein we explore the op-
timization of the technique as it is moved to the gram scale and investigate
other ionic moieties that may be used.

MATERIALS AND METHODS

Synthesis of Ionic Support (Tag)

The ionic supports are simply generated from amines or phosphines,
such as triethylamine, 1-methylimidazole or tributylphosphine, mixed in

FIGURE 2 Structures of ionic tags.
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Oligonucleotide Synthesis 1289

equimolar amounts with aliphatic halo-alcohols, such as 2-bromoethanol or
2-chloropropanol, and refluxing in a suitable solvent such as ethanol or, in
some cases, using microwave activation in solvent free conditions.[14] Ex-
change of the anion is simply achieved by dissolving or suspending this ma-
terial in acetone and adding an excess of the desired counter-ion, such as
tetrafluoroborate, generally as a sodium salt, stirring for 12 hours and filter-
ing away the remaining insoluble solid. The desired material is recovered by
removing the solvent under vacuum (Table 1).

Linking Ionic Tag to Nucleoside

The desired ionic tag is dissolved in acetonitrile and mixed with a limit-
ing amount of 5′-O-dimethoxytrityl-3′-O-succinyl-thymidine (DMTTSucc) in the
presence of dicyclohexylcarbodiimide (DCC) and 4-dimethylaminopyridine
(DMAP). The reactions are allowed to continue for 3–7 days. The desired
products are generally recovered by precipitation from ether followed by a
water-dichloromethane extraction, isolating the desired product from the
organic layer (Table 1).

Detritylation of First Nucleoside (HOTSucc-IL)

To DMTTSucc-IL, where the IL subscript can indicate any of the ionic tags
that have been prepared (see Table 1), is added any of a variety of detritylat-
ing reagents, such as 3% v/v trifluoroacetic acid (TFA) in dichloromethane
or 1M zinc bromide (ZnBr2) in 85:15 v/v dichloromethane/2-propanol,
with or without approximately 1 mol equivalent of pyrrole. The product of
the reaction is generally precipitated from 10% ethyl acetate/diethyl ether
and filtered. The precipitate is rinsed with 10% ethyl acetate/diethyl ether,
and is recovered from the filter by dissolving in acetonitrile and evaporating
the solvent under reduced pressure. This is repeated (normally 3–5 times
for ZnBr2, 10–15 times for TFA) until no trityl is detectable by TLC and/or
ESI-MS.

Coupling of Nucleotides (DMTNpTSucc-IL (N = dA, dC, dG, dT))

HOTsucc-IL is dissolved in anhydrous acetonitrile and mixed, in the pres-
ence of 2,3-dicyanoimidazole (DCI), with 2 molar equivalents of a desired
nucleoside 3′-O-phosphoramidite, DMTNP, where N may be dA, dC, dG, or
dT. The reaction is allowed to progress for 45 minutes whereupon an ex-
cess of a simple alcohol is added and allowed to quench the excess amidite
for 15 minutes. The intermediate product is then precipitated several times
from 10% v/v ethyl acetate in diethyl ether. The purified intermediate is
then capped using acetic anhydride, catalyzed with DMAP over a 10-minute
period, followed by an oxidation step with tert-butyl hydroperoxide in
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Oligonucleotide Synthesis 1291

decane, lasting 10-minutes. The final product is again purified by precipita-
tion. Detritylation is achieved as described previously and the entire process
is repeated until an oligomer of desired length and composition is com-
pleted.

RESULTS AND DISCUSSION

In our earlier work,[13] we identified that the detritylation step was a
major issue for the proposed methodology. Our subsequent work at larger
scale has shown that the difficulty is limited to the first nucleoside attached
to the ionic moiety through the linker and that subsequent nucleotides de-
tritylate in a manner similar to that of the free nucleoside. The impediment
to detritylation of the first nucleoside appears to be due to the close prox-
imity of the ionic tag to the site at which protonation must occur (5′-O)
to initiate trityl cleavage. As the oligomer grows in length the site of pro-
tonation is spatially displaced from the positive charge of the ionic tag, al-
lowing the rate of cleavage to revert to the more acceptable level normally
observed for free nucleosides and solid supported oligomers. A potential
method to overcome the slow detritylation of the first nucleoside is to use
a Lewis acid such as zinc bromide instead of a Brønsted acid to initiate the
deprotection since weaker charge-charge repulsion would be expected be-
tween the ion tag and the zinc coordinated 5′-oxygen. In practice, the im-
provement is minor when ZnBr2 is used alone. When the Lewis acid is used
in conjunction with a trityl scavenger such as pyrrole,[15] however, a signifi-
cant improvement is observed. Whereas upwards of twelve treatments with
Brønsted acid are required for complete detritylation, complete deprotec-
tion is achieved in three treatments using zinc bromide and pyrrole. There
are several drawbacks of this procedure, including the formation of an insol-
uble brown precipitate that entrains some of the desired product. In addi-
tion, Kierzek et al.[16] have shown that deacylation of the protected bases can
occur when zinc bromide is used to detritylate in the presence of methanol,
which is frequently used as a solvent or co-solvent and deacylation of both
guanine and cytidine have been observed experimentally. Finally, the high
level of toxicity associated with pyrrole makes this reagent undesirable for
large scale applications. These factors have led us to revert to the use of TFA
for detritylation even though many treatments are required for the first nu-
cleoside. An alternate protecting scheme for the first nucleoside could be
introduced while the traditional scheme is maintained for the growth of the
oligomer.

In order to successfully separate the coupled oligomer from the
monomer at each coupling step of the synthesis cycle it is necessary to
quench the excess amidite with an alcohol prior to oxidation of the phos-
phite triester. This enhances the amidites solubility in the precipitation
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1292 R. A. Donga et al.

medium, generally 10% v/v ethyl acetate in ethyl ether, allowing its removal.
Initially methanol and ethanol were used to quench the excess amidite but
it was found that even over short periods of time they can transesterify the
phosphite triester yielding undesirable compounds. Isopropanol was found
to cause transesterification at a much slower rate than methanol or ethanol,
while no transesterification was observed over after a ten hour exposure with
tert-butanol.

The reported methodology[13] employs iodine/water as the oxidant, re-
quiring an extraction step for purification. Extractions with these products
generally are found to be difficult because they have the capacity to behave
as strong emulsifiers and the emulsions they form are very slow to break.
Other nonaqueous based oxidants have been demonstrated to be effective
in oligonucleotide synthesis such as tert-butyl hydroperoxide.[17] Used as a
6–7 M solution in decane in 10 mole equivalents, it was found that the oxi-
dation proceeded very rapidly (<5 minutes).

Syntheses of the ammonium based ionic tags (Figure 1) are in the pre-
liminary stages of investigation. Thus far they have been found to form in
satisfactorily high yields but the derivatization reaction to attach the tags to
the first nucleoside has been problematic. This is more likely due to the
small scale of the reactions that have been performed and the higher hy-
droscopicity of the ammonium ionic tags since water is a competitor to the
nucleoside in this reaction. The success of the imidazolium based tag gives
us a high level of confidence that these alternative tags can be tuned to
function as desired.
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